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(54) Keratin fiber strengthening agent and method for strengthening keratin fiber 

(57) A keratin fiber strengthening agent comprising 0.001 to 20% by weight of at least one (2S 3RV2 acvlaminn 
alkane-1 .3-dtol represented by formula (I): (^.JH) 2-acylammo- 



OH 




NH 



(I) 



^Z^mT^ZTJ* SU *f^ h ™ *W 9'-P having 9 to 17 carbon atoms; and R* represents an acyl group 
for mn ll f Ch ^ at ' 6aSt ° nG hydrOXy 9 rou ? or unsaturated bond is disclosed A method 

for improving phys.cal properties, such as breaking strength, of keratin fiber such as hair comprisinq ipiy^ tSe 
kerat.n fiber strengthening agent to keratin fiber by adhesion, coating or impregnation is iso^ZS ' 



CM 
< 

eg 
in 

CO 

o 
c\j 

o> 

o 

0l 
ill 



Prnied by Jouve. 75O0l PARIS (F=») 



EP 0 920 852 A2 

Description 



20 



25 



5 method for improving strength ot kerdiin tidbi uy a Hr y a 

10 and dog hair. . f hianer animal, particularly an animal higher than a 

[0003] The primary function of keratin ,. to P^ec yUe^ of ajvghe - s 3 ^ of an y individua | body beautiful 

ba trachian, from outside Movement of ^strength of Keratin. According., it is im- 

and this function has a close relation with reiem on «* ^ . strenQtn o{ damaged keratin. 

portant to maintain and reinforce the ^J^^^^l^S^Li ^severe attack from the outer 
is [0004] Keratin exists in the outermost part of the body so inaui i 

world. Particularly keratin fiber is -""^^^ ZZ sucU as friction, rain, dirt, dust or ultravio.et rays and 
[0 005] For example, the ph ysical [ a ^ r ^^^ maQes kera ,in fiber of hair. In addition, thermal or chemical 

=Su-= » has - reported that the 

strength of hair is reduced to about Such a reduction in the strength 

[0007] In addition, the ha.r so damaged and having a ' 0 ^°°1 ^ whjcn ^ UMS a cosme tic problem. 

- «-*■ - — ~ and ^ - 

strength of damaged keratin fiber. whjch js an inso | uble , sta ble protein 

[0009] Keratin is mainly composed of keratin protein (Keratin 

containing much cystine and having many ^ 'su lf.de bor ids u ^ ^ ^ ^ presence 

[CO10] Keratin fiber has adefinite structure hp i wh, h P^^^J^.^ keratin fjber contains a number of 
of an adhesive. This adhesive has an important roleMn aoomo h presume d to provide keratin fiber with 

components. Among them, a water soluble component sue J^^^?^ js Gained jn keratin fiber. 

and is known to play an important role as a skin ce has an ]ly act|ve (2 s,3R)-2-acy«aminoa>- 

^^^^^^^ =1^^ one except for preparing it by extraction 

of a ceramide from a ^^^T^^i or plan , in nature is a mixture of many ceramide components and 
[0013] Since a ceram.de e xtracted ,ro ^ an f ™' t ^ a|| active (2 s,3R)-2-acylaminoalkane-1,3-diol. which is ,n a 

LcyLnoa.kane,,^^ 

the proviso that (25, 3R) + (2R ^^^^^Mab.e under the trade name of "CERAMIDE I." (Quest Inc.) and the 
to as "racemic ceramide , ) "J™™™™ ^ at , east one cosme tically acceptable raw material has been proposed 

use of a composition obtained by mtxmg n whm m 

with a view to improving the .rough .skin '"^"^J^ herein means an "unexamined published Japanese 
[0015] It ,s known ^ p - A ^ 3275 ^^ a ^ by usjng a » ra cemic ceramide" is effective for preventing hair from 
patent application) that a compos.t.on ava,te °!° ™» .. racemiccera mide- imparts satisfactory shape retaining 

Ling moisture. ^^^^^^^^^o^^Zi for treating keratin fiber o, the skin or 
properties to hair (JP-A-7-30046). Further, J AB 24533 P p ^ ^ ^ ^ ^ ^ 

hair, etc. which compr.ses applying a compos.Uor contt J concerning an increase in the strength of kerat.n 

SriS ^r^cfS :^ f — no^S improving keratin fiber was found from the Vacemic 
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ceramide" as described later in the Examples. 



pared with untreated hair the strength of tJW^^^^T^ " haS been re P° rted that 

been deve.oped for restoration of s uch fla^S^S^S^^ ■ ° ^ ^ ^ e 
cat.onic hydrolysis products of protein and isoorene otoeS^M ?^ f m res,orin 9 damaged hair include 

do no, include a descnption ab'ou, an ^SSSr 1 ^ "~ — -wever 

IJL :s ; sx^jr keraiin fiber st ^^ -«« «•** - ^ 

as oil components. Npids. sterois. lower a.coLls. pojot sJZSS^^r^^ ^ SUCh 

improvement in the breaking strength of hair damaged bv a Defmlin, co ™P°nen,s brings about a marked 

[0019] That is. i, has been found L, the composiSn olthe nT^T T ,reatmen, Wi ' h an ° r 9 anic solvent - 
fiber and. when a PP ,ied to hair, produces eZ in ^X^^S^ ?T S,reng,h * keratin 

that it is useful as a product of a keratin fiber s.renXZo JLn * ^ ' S CUra,ive of hair dama 9« so 
^ this finding and successive studies S,ren9,hen,n 9 a 9 enl - Tn * P^sent invention has been completed based 

[0020] Acccrdir ,g to the present invention there is provided: 




r2 ,nh "> 



2} A keratin fiber strengtheninq aaent accord^ S T l I V 9r ° UP ° r uns *urated bond. 

(VII) : K dcyl group re Presented by any one of the following formulas (II) to 



OH 



R 3 




45 II (II) 

o 



R 3 



ss 0 



OH 

^ (III) 
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(IV) 



o 




(V) 



OH O 




(VII) 
OH O 




where , R3rep ^ 

8) A keratin fiber strengthening agent acccrt ng components , ipjds , sterols , ,ower or polyhydric 

one material seiected from the group consist g lengthening 
surfactants. keratin flber , which comprises applying the ^rat.^.ber 

9) A method for improving the s reng » 1jber by ad nesion, coating or ,mpregnation. 
agent according to any one of 1) to 8) aoove 

ho H P S cribed by reference to the following drawings: 
[0021] The present invention will now be described by 

th of hair sampled from a 20-year-old female; 
Fig.1 is a graph of breaking strength c he « ^ ^ q 25 . yearold lemale; 
Fig.2 is a graph of Young's mod* J °J^ lad ^ 8 a^ear-old temate; 



[0023] Although trcre is 
2-acylaminoaUaro-* 3<1. C I ol tVfo7mula 
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nc particular limitation imposed on the 



70 



R1=C 1S H 31 




ASYMMETRIC 
KYDR0GENATI0N 



OR 



NHCOCH3 RU2C,4[W "^- E, ' na PJ2Ht3N 
Et; ethyl 




OR 
NHCOCH3 



15 



20 



SOCU 




OR 
r^HCOCH, 



REDUCTION 



NaBH. 



OH 



M 7 OH 
NHCOCH 3 



25 



30 



35 



^ACETYL ATI ON 




ACYLATION 




NH-, 



Rr ^OH 

fiHR 2 

CI) 

(T)-Binac : 2 , 2 ' -fa is f c i t-~i 1 • 

. , (ci -p"«ly.Ipno S phinoI- 1 , I '-binaphrhyl 

[0024] The fatty acid or denvative thereof used here is a comnnnnH 

is a compound represented by the following formula (VIII): 



R 2 -OH 



(VIM) 



40 



wherein R2 represents an acyl qrouo havinn o oa ^ k 



R 



OH 




O 



(II) 



so 



ss 



OH 




O 



(III) 
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(IV) 



10 

R 3 - - (V1 



15 



OH O 



R 3 - - (VI) 



20 



25 



OH O 



30 




(VII) 



• i m 91 carbon atoms, or R 2 represents an 
,nm or a saturated alky I group hav.ng 1 to 21 carbon 
wherein R3 represents a hydrogen atom or a but not lim ited to, those exemplified in t) to 

3 s acetyi, oleoyl or linoleoy group. ^ thereof inc iude, but not hm. 

rO0251 Specific examples of the rawy 
4) below: 



40 



45 



SO 



55 



OJ 

acid, decano.c acid, dodecanotc ac.d, 2 . hydroxy butanoic acid, (S - 

tetracosanoic acid; , actjc acid , (S )-lactic acid. (R)-lactic . hexanoic acid, (R)- 

2) 2-Hydroxy acids such as f c °^ buXaooto acid, 2-hydroxyhexano.c ac.d (S) I V ? ^ ^ 2 . ny . 
2-hydroxybutanoic acid, ac id, ( S)-2-hydroxyoctano,c ac.d (R) 2 hydr ^ ' ^ ^ (S) . 

2-hydroxyhexanoic acid, ^Z7^cZo acid, W****"*"'^^ rnay be referred 

dr oxydecanoic acid, ^^l^otecawc acid, ^^^S^^e^. 2-hyd^yhex- 
2-hydroxydodecano.c ac.d J) ^ nv < y radecanolc aC .d, (R)-2 ^ ro ^ hexade canoic acid, (R)-2-hy- 
toas "2-hydroxymyryst.c acid ), (S) .. 2 . hy droxy P almit.c acid ). (S)-2-hydroxy ic ackr) , (S)- 

adecanoic acid (which may be acid (which may be referred to as ' ^oxy ^ tQ 

as "2-hydroxyarachidic acid ), l&) » (Rv2 _ hyd roxytetracosano.c ac.o, (RV3 . hvd roxybutanoic ac.d, 

acic I (S)-2-hydroxyletraco^ * cid (S) . 3 -h y droxybutano.c ac.d, (R) S h ' a acid , (S) - 

3 'tHydroxJpropionic acid ^^Zo acid, (H)-^^^^^^^ acid, (R)- 
a'-hydroxyhexanoic ac.d. ^3*^^^ acld , 3-hydroxydecano.c ac d, ^ 3 droxydode canoic ac- 

SS^TSS^Sil* acid. ( H,-3-^— c - 
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thereof and a (2S.3R)-2-am,noa.kan e -l .3-diol to dehySn IZv T aC ' d °' ,he ,ormula CVIB> or derive 

55 The ' ' S neCeSSatV '° add a ca,al ^ when the w^S^^-T*** be men "° ned as an 
10027] The compound of the formula (I) can also bo «r J» ^ effected at high temperature. 

hTala^ 

orouo 66 6ffeC,ed Without Peeling the hydroxyl 0^00 f . ° rmU,a (V,,I) ° r der ^ve thereof 

STIT a h PPr ° Priate P rotecti "9 9roup as'needed and eZino^f T a ^tecUn g «he hydroxy! 

AsZ" I d T Bd am ' de C ° m P° und ca " •» obtained Pf ° ,eC, ' n9 9r ° Up a " er ,he completion o, tZ 

r~^^rZ^~^ -h * used h the present Mention and has . 
compoundof ,hefor mula (I) wherein R1 ^"^^^^ ™ " - 

1) (2S,3R)-2-acetylaminooctadecane-l 3-diol r?c; o B \ o u . 

tanoylaminooctadecane-1 , 3-diol f2S am ? h " J H) " 2 " butan °y |arTlin ooctadecane-1 ,3-diol f2S 3R1 ? n«o 
decane-1, 3-diol t2S 3R1 ? h.! , ' 3R) " 2 " hexan °y |amir 'ooctadecane-l 3-aiol (2 S -?ri o ~. , ~ 2 - perv 
ol r2S3R»9^ ( ~, J " deCan ° ylaminooctade cane-1,3<Jiol f2S 3Ri (2S - 3R >- 2 -° cta n°y'am,noocta- 
3m I \ i" 2 - tetradecano y'3minooctadecane-l .3-diol (?S 3R ' i^'^ ° decanoy,aminooc,ade cane-i ,3-di- 
3R)-2-octadecanoyl a minooctadecane-l.3-diol (2S SrV^SoLh heXadecano ^™nooctadecane-1 , 3-diol (2S 

1.3-d.ol, (2S.3R)-2-(2-hydrohexanoyl)aminooc^ 
cosanoyDam.nooctadecane.t.S-diol. (2S.3R)-2Tr) 2 hvdTov^ ' adecane - 1 (2S. 3R)-2-((S)-2-hydroxyi- 
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35 



40 



(3 hvd oxydodecanoyl) am,noOCta ?"^novnaminooctadecane-1.3-d>ol, (2S.3R I 2 (dny 3R) . 2 . UR) . 
l3 £l (2S.3RV2-{(R)-3-hy^ 

amin^ctadecane-! ,3-dio.. t** 3 ^^!^ (Z^)-^^^ 

Ihydroxytetradecanoyl^ 

? lit (2S.3R)-2H(S)-3-hydroxyhexadeca y .^ 

r acosanoyl)aminooctadecane-1 3-d.o^ ^ ^^ecane-I.S-diol, and 3 . dio |, ( 2 S,3R)-2-linole- 

iocs«»m.2-UR)-3-hydroxyietiacosanoyi)amin RV2 . linoley iaminooctadecane i.o 

decanoic acid, icosanoic ac.d. docosanoic fe ^ ^ 

can be applied. acjd such as gV co.ic acid, taebc "^^^^ic acid, (S)-2-hy- 

2) When R2 represents ^-hydroxy ac ^.^ydroxyheptanoK : ac d, ! hyd c acid , (R) . 2 .hy- 

acid. (R)-2-hydroxyoctadecano,c ac^ ^ ^ ydroxyte tracosano.c acid or (R) hy 

noic acid, 2-hydroxytetracosano^ : a ^ v ^ (SV3 . hy droxybutanoic acid, <R)-3-hy- 

process as described in JF '-A- 0 ^ 3 . hydr oxyb U tano.c ac ' d -/ R %\ h ^ oxy y hex anoic acid, 3-hydrox- 

When R 2 represents 3-hydroxypropion ydroX yhexanoic acid, ( R ^ 3 nydr °7' ic acld (S )-3-hydrox- 

yoctanoic add. <S>*^«W?*^ 3-hydtoxydod e ca««c acrt IS)- ' ^"^r, 3 . hydr oxyletrad.cano,c 

5 ° le„ B 2 rapresems an "naW^^^ J M em p to ysd « appl.ed 

?£ 3 4] The compounds of the ^"J 8 <J " (1) accord ing to the present ,nvent,0 "^ c P urrentl y used in the art. 
E Each of the compounds <**»£^ M e with at least one cosmet.c ™ ^^J^, and examples 
£ a Keratin fiber ™"f™^»£££* the Kind of the raw ^^^^SJLnponenl.. 

-"=•3?-=^- 
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SO 



tallow, lard and hydrous i^r 

01 - - — - -~ z ~r ~^ - 

C0041] Examples ol ,„ , , an , . , ^ 9 V " m - "I" 6 " 8 Propylene o.yeol and 

triethanolamine lau^Tu J Um P°W^ylene s.earyl suIatTtS ^^Wene lauryl sulfate. sodSm 
nary ammonium ^^^^^ ~, lu ,os e ^Z^'^JS*^^ ' SOS ^ ^ 
nooleate. g, ycery1 ^ ~ ' glyceryl mon^ 0 ":^ZJJ Ur,actants •«* 

as quater- 

tanoale. polyethylene glycol I f 9 ' yce,yl mo "°stearate glycerin m™ mon °caprylate. glyceryl mo- 

^^^^^ 

Proving thai in. k , Min 9 moa "<^ as eompar.d wilh th. ,(00,1, ?!. «'3nifieantly increasea 

exhibits etecs lo k .„. ° „k. * ho " " lal "> 8 k8 «n libe, strenolLnl,, I ' ksra " n ,il>e ' ««* as breakino 

*«» is a mix lu ,e »» breaking «r w ^^ •f"*" *> '". Pres.n, invSZ 

[0047] The paraben described in thPh^i ^ 9 an am,se P»'c such 



55 



• <£P O920e52A2_|_> 



9 



EP 0 920 852 A2 



EXAMPLE 1 
[0050] 



10 



1$ 





Compound 1 


0.8Vo 
0.3% 


isostearic acid 


0.3% 


Sodium stearate 


0.3% 


Cholesterol 


0.1% 


Glycerol monostearate 


0.1% 


S^polyoxyethylenelauryl ether sulfate 


10.0% 
10.0% 


Propylene glycol 

Purified water 


balance 



20 



25 



^ et- a -*a cholesterol, glycerol monostearate. anu prepare a 



30 



35 



rnMP^P*™ example 1 

Pnj linn nt P-* bating agent 

-i in rvamDle 1 except compound 1 were c 
r00521 The same components as used .n Example 

SSmple 1 to obtain a blank treating agent. 
r-nMPARATI^ FX AMPLE 2 



ompounded in the same manner as 



p^^^arjaig^^ 

i treating agent wa_ , . slrU ctur 
; ceramide having the same planar slructur 



e snared in the same manner as in bxa 
ro053] A comparative treating agent was ; prepa^ ^ compound n 



Example 1. except tor replacing com- 



40 



45 



SO 



55 



pound 1 with a racemic 

FXAMPLE 2 . . - eX cept tor replacing 
♦ retained in the same manner as in Example -[ , exce H 

FYAMPLE 3 ocinFvamolel except for replacing 

FVAMPLE4 Fxamole 1 except for replacing 

. ohtained in the same manner as in txampie , 
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EXAMPLES 



[0058] 



w 



15 



EXAMPLE 7 
EXAMPLE 8 

Preparation of Hair Cmam 



[0060] Hair cream was prepared from the following components. 



Compound 1 
Liquid paraffin 
Vaseline 
Beezwax 

Carboxyvinyl polymer 
Xantham gum 
Glycerol 

Polyoxyethylene hydrogenated castor oil 

Chelating agent 

Isostearic acid 

Sodium stearate 

Cholesterol 

Cetanol 

Paraben* 

Perfume 

Purified water 



* 1:1 mixture of methyl p-hydroxybenzoate and butyl 



0.6% 
15.0% 
15.0% 
2.0% 
0.1% 
0.1% 
5.0% 
3.0% 

adequate amount 
0.3% 
0.3% 
0.3% 
0.1% 

adequate amount 
adequate amount 
balance 



p-hydroxybenzoate 



EXAMPLE 9 



40 



45 



Preparation of Hair Cream 



[0061] Hair cream was prepared from the following 



components. 



so 



55 



1:1 Mixture of compound 3 and compound 1 
Liquid paraffin 
Vaseline 
Beezwax 

Carboxyvinyl polymer 
Xantham gum 
Glycerol 

Polyoxyethylene hydrogenated castor oil 
Chelating agent 
Isostearic acid 
Sodium stearate 
Cholesterol 
Paraben 
Cetanol 



0.6% 
15.0% 
15.0% 
2.0% 
0.1% 
0.1% 
5.0% 
3.0% 

adequate amount 
0.3% 
0.3% 
0.3% 

adequate amount 
0.1% 



11 
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(continued) 



j~ Perfume 

1 purified water 



adequate amount 
balance 



1 



cv AMPLE 1Q 
org pa ration of Sh ampoo 

Compound 1 

Triethanolamine laurylsulfate 
1% Aqueous solution ol hydroxypropyl- 
methyl cellulose 

Ammonium laurylsullate i 
rs-Dimethylo.-S.S-dimethy.hydanto.n 

Disodiumethylenediaminetetraacetate 

Citric acid 
Sodium chloride 
Pertume 
lsostearic acid 
Sodium stearate 
Cholesterol 

Glycerol monostearate 
Cetanol 

Purified water 



15 



20 



25 




30 



EXAMPLE.!! 



P I££n ^ti 2 ^of Shampoo 

— i o onH r.nrTiDOUnd 



40 



45 



SO 



Citric acid 
Sodium chloride 
Perfume 
lsostearic acid 
Sodium stearate 
Cholesterol 

Glycerol monostearate 
Cetanol 
purified water 



small 
small 



1 .0% 
18.5% 
15.0% 
8.0% 
0.15% 
0.05% I 
amount 
amount 
0.85% 
0.3% 
0.3% 
0.3% 
0.1% 
0.1% 
balance 



55 
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Preparation of Shampoo 
5 [0064] A shampoo was prepared from the following components. 



10 



is 



20 



1 : 1 : 1 Mixture of compound 2, compound 3 and compound 1 
Triethanolamine laurylsulfate 

1% Aqueous solution of hydroxypropylmethyl cellulose 

Ammonium laurylsulfate 

1 .3-Dimethylol-5,5-dimethylhydantoin 

Disodium ethylenediaminetetraacetate 

Citric acid 

Sodium chloride 

Perfume 

Isostearic acid 

Sodium stearate 

Cholesterol 

Glycerol monostearate 

Cetanol 

Purified water j 



25 EXAMPLE 13 



0.9% 
18.5% 
15.0% 
8.0% 
0.15% 
0.05% 
small amount 
small amount 
0.85% 
0.3% 
- 0.3% 
0.3% 
0.1% 
0.1% 
balance 



Preparation of Dog Shampnn 



30 



35 



40 



45 



[0065] A dog shampoo was prepared from the following components. 



1 : 1 : 1 Mixture of compound 2, compound 3 and compound 1 
Triethanolamine laurylsulfate 

1% Aqueous solution of hydroxypropylmethyl cellulose 
Ammonium laurylsulfate 
1,3-Dimethylol-5,5-dimethylhydantoin 
Disodium ethylenediaminetetraacetate 
Citric acid 
Sodium chloride 
Perfume 
Isostearic acid 
Sodium stearate 
Cholesterol 

Glycerol monostearate 
Cetanol 
Purified water 



EXAMPLE 14 



0.6% 
18.5% 
15.0% 
8.0% 
0.15% 
0.05% 
small amount 
small amount 
0.85% 
0.3% 
0.3% 
0.3% 
0.1% 
0.1% 
balance 



so 



Preparatio n of Dog Sham pr^ 

[0066] A dog shampoo was prepared from the following components. 



55 



Compound 2 
Triethanolamine laurylsulfate 



1% Aqueous solution of hydfoxypropylmethvl cellulose 




13 



EP 0 920 852 A2 



(continued) 



10 



15 



Ammonium laurylsulfate 
^-Dimethylol-S.S-dimethylhydantom 

Disodiumethylenediaminetetraacetate 

Citric acid 

Sodium chloride 

Periume 

Isostearic acid 

Sodium stearate 

Cholesterol 

Glycerol monostoarate 

Cetanol 

Purified water ^ . 




FX AMPLE 15 
Pre paration n< Hair Lotion 



20 



25 



[00671 Hair lotion was 



prepared trom the following components. 



35 



~ nrl o compound 3 and compound 1 

v.V.1 Mixture of compound 2, compu 



Hydroxyethyl cellulose 
Ethanol 

Glycerol monooleate 

Paraben 

Periume 

Isostearic actd 

Sodium stearate 

Cholesterol 

Glycerol monostearate 

Cetanol 
Purified water 



1 .0% 
0.4% 
25.0% 
2.0% 
0.2% 
0.1% 
0.3% 
0.3% 
0.3% 
0.1% 
0.1% 
balance 



FX AMPLE 16 

Pre paration ^ nng Hair Lotion 

40 «h f mm the following components 

[0068] Dog hair lotion was prepared from thero^^^^^ 



45 



50 
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Compound 1 
Hydroxyethyl cellulose 
Ethanol 

Glycerol monooleate 

paraben 

Perfume 

isostearic acid 

Sodium stearate 

Cholesterol 

Glycerol monostearate 

Cetanol 

Purified water 



0.5% 
0.4% 
25.0% 
2.0% 
0.2% 
0.1% 
0.3% 
0.3% 
0.3% 
0.1% 
0.1% 
balance 
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EXAMPLE 17 
Preparation of Hair Lotion 

[0069] Hair lotion was prepared from the following components. 



1:1 Mixture of compound 3 and compound 1 


1.0% 


Hydroxyethyl cellulose 


0.4% 


Ethanol 


25.0% 


Glycerol monooleate 


2.0% 


Paraben 


0.2% 


Perfume 


0.1% 


Isostearic acid 


0.3% 


Sodium stearate 


0.3% 


Cholesterol 


0.3% 


Glycerol monostearate 


0.1% 


Cetanol 


0.1% 


Purified water 


balance 



EXAMPLE 18 . 

[0070] Dog hair lotion was prepared from the following components. 



1:1:1 Mixture of compound 2, compound 3 and compound 1 


0.9% 


Hydroxyethyl cellulose 


0.4% 


Ethanol 


25.0% 


Glycerol monooleate 


2.0% 


Paraben 


0.2% 


Perfume 


0.1% 


Isostearic acid 


0.3% 


Sodium stearate 


0.3% 


Cholesterol 


0.3% 


Glycerol monostearate 


0.1% 


Cetanol 


0.1% 


Purified water 


balance 



40 EXAMPLE 19 



[0071] Hair lotion was prepared from the following components. 





1:1:1 Mixture of compound 2, compound 3 and compound 1 


1 .0% 


45 


Hydroxyethyl cellulose 


0.4% 




Ethanol 


25.0% 




Glycerol monooleate 


2.0% 




Paraben 


0.2% 


SO 


Perfume 


0.1% 




Isostearic acid 


0.3% 




Sodium stearate 


0.3% 




Cholesterol 


0.3% 




Glycerol monostearate 


0.1% 


55 


Cetanol 


0.1% 




Purified water 


balance 
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EXAMPLE 20 

Preparation of Doq Hair Lotion 

[0072] Dog hair lotion was. prepared from the following components. 



10 



15 



20 



25 



30 



35 



2:1 Mixture of compound 3 and compound 1 

Hydroxyethyl cellulose 

Ethanol 

Glycerol monooleate 

Paraben 

Perfume 

Purified water 



0.9% 
0.4% 
25.0% 
2.0% 
0.2% 
0.1% 
balance 



EXAMPLE 21 

Preparation of Keratin Fiber Stren gthening Agent 



40 



45 



so 



t 0073] A Keratin fiber strengthening agent was prepared in the same manner 1 far rap.acing 

1 'L.^ h ^n™,nH fi (9R an^-f^hydroxyhexadecanoyOam.nooctadecane-l .3-d,ol. 



Component 


wt% 


Compound 6 

Isostearic acid 

Sodium stearate 

Cholesterol 

Glycerol monostearate 

Cetanol 

Sodium polyoxyethylene lauryl ether sulfate 
Propylene glycol 
Purified water 


0.8 
0.3 
0.3 
0.3 
0.1 
0.1 
10.0 
10.0 
balance 



55 



COMPARATIVE EXAMPLE 3 
Preparation of Blank Treating Agent 

[00 74] in a similar manner to Example 1 except that Compound 1 was eliminated from the formulation of Examp.e 
1, a treating agent (placebo treating agent) was prepared. 

EXAMPLE 22 

Formulation Example of K eratin Fiber Strengthening Agent 

vention) was prepared. 
EXAMPLE 3 

Formulation Ex am ple of Kerat in Finer Strengthening Agent 

• -, o„„»r tn Fvamnle 21 except that as a ceramide of the formula (I), a 2:1 mixture of (2S,3R)- 
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acetyl group w*s usod ns*ca:J of single use of Compound 6, a keratin fiber strengthening agent was prepared. 
EXAMPLE 24 



5 Formulation Example of Keratin Fiber Strengthening Agent 



[0077] In a similar manner to Example 21 except that as a ceramide of the formula (I), (2S,3R)-2-{(R)-3-hydroxyhex- 
adecanoyl)amino)octadecane-1 : 3-diol (Compound 9) containing as R 1 a C 15 H 31 group and as R 2 an (R)-3-hydroxy- 
hexadecanoyl group was used instead of Compound 6, a keratin fiber strengthening agent was prepared. 

EXAMPLE 25 



Formulation Example of Keratin Fiber Strengthening Agent 

is [0078] In a similar manner to Example 21 except that as a ceramide of the formula (I), (2S,3R)-2-{(R)-2-hydroxyhex- 
adecanoyl)aminoloctadecane-1 ,3-diol (Compound 10) containing as R 1 a C 15 H 31 group and as R 2 an (R)-2-hydroxy- 
hexadecanoyl group was used instead of Compound 6, a keratin fiber strengthening agent was prepared. 

EXAMPLE 26 

20 

Preparation of Han Tieating Agent 

[0079] A hair treating agent was prepared using as a ceramide of the formula (I), (2S.3R)-2-(2-hydroxyhexadecanoyl) 
aminooctadecane-1 .3-dioI (Compound 6) containing as R 1 a C 15 H 31 group and as R 2 a 2-hydroxyhexadecanoyl group. 

25 



Component 


wt.% 


Compound 6 


0.6 


Liquid paraffin 


15.0 


Vaseline 


15.0 


Beeswax 


2.0 


Carboxyvinyl polymer 


0.1 


Xanthan gum 


0.1 


Glycerin 


5.0 


Polyoxyethylene hydrogenated castor oil 


3.0 


Chelating agent 


adequate amount 


Isostcaric acid 


0.3 


Sodium stearate 


0.3 


Cholesterol 


0.3 


Cetanol 


0.1 


Paraben 


adequate amount 


Perfume 


adequate amount 


Purified water 


balance 



EXAMPLE 27 



Preparation of Hair Treating Agent 

[0080] A hair treating agent was prepared using, as a ceramide of the formula (I), (2S,3R)-2-oleoylaminooctadecane- 
1,3-diol (Compound 7) containing as R 1 a C 15 H 31 group and as R 2 an oleoyl group. 





Component 


wt.% 


55 


Compound 7 


1.0 




Triethanolamine lauryl sulfate 


18.5 




A 1% aqueous solution of hydroxypropylmethyl cellulose 


15.0 
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(continued) 



Component 


wt.% 


Ammonium lauryl sulfate 


8.0 


I.S-dimethylol-S.S-dimethyl-hidantoin 


0.15 


Disodium ethylenediaminetetraacetate 


0.05 


Citric acid 


small amount 


Sodium chloride 


small amount 


Perfume 


0.85 


Isoslearic acid 


0.3 


Sodium stearate 


0.3 


Cholesterol 


0.3 


Glyceryl monostearate 


0.1 


Cetanol 


0.1 


Purified water 


balance 



EXAMPLE 28 

Preparation of Hair Treating Agent 

[0081] A hair treating agent was prepared using as a ceramide of the formula (I), a 7:1 mixture of (2S ; 3R)-2-octade- 
canoylaminooctadecane-1 ,3-dioI (Compound 1) containing as Ft 1 a C 15 H 31 group and as Ft 2 a 2-octadecanoyl group 
and (2S,3R)-2-(2-hydroxyhexadecanoyl)aminooctadecane-1,3-diol (Compound 6) containing as R 1 a C 15 H 3 i group 
and as R 2 a 2-hydroxyhexadecanoyl group. 



Component 


wt.% 


A 7:1 mixture of Compound 1 and Compound 6 


3.0 


Triethanolamine lauryl sulfate 


18.5 


A 1% aqueous solution of hydroxypropylmethyl cellulose 


15.0 


Ammonium lauryi sulfate 


8.0 


1,3-dimethylol-5.5-dimethylhydanLoin 


0.15 


Disodium ethylenediaminetetraacetate 


0.05 


Citric acid 


small amount- 


Sodium chloride 


small amount 


Perfume 


0.85 


Isotearic acid 


0.3 


Sodium stearate 


0.3 


Cholesterol 


0.3 


Glyceryl monostearate 


0.1 


Cetanol 


0.1 


Purified water 


balance 



EXAMPLE 29 



Preparation of Hair Treating Agent 

[0082] A hair treating agent was prepared using as a ceramide of the formula (I), (2S.3R)-2-{(R)-3-hydroxyhexade- 
canoyl)amino}octadecane-1,3-dio! (Compound 9) containing as R 1 a C 15 H 31 group and as R 2 an (R)-3-hydroxyhexa- 
decanoyl group. 



Component 


wt.% 


Compound 9 
Hydroxyethyl cellulose 


0.01 
0.4 
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(continued) 



Component 


wt.% 


Ethanol 


25.0 


Glyceryl monooleate 


2.0 


Paraben 


0.2 


Perfume 


0.1 . 


Isostearic acid 


0.3 


Sodium stearate 


0.3 


Cholesterol 


0.3 


Glyceryl monostearate 


0.1 


Cetanol 


0.1 


Purified water 


balance 



EXAMPLE 30 

Preparation of Hair Treating Agent 

[0083] A hair treating agent was prepared using as a ceramide of the formula (I), (2S,3R)-2-{(R)-2-hydroxyhexader 
canoyl)amino}octadecane-1,3-diol (Compound 10) containing as R 1 a C 1S H 31 group and as R 2 an (R)-2-hydroxyhex- 
adecanoyl group. 



Component 


wt.% 


Compound 10 


0.5 


Hydroxyethyl cellulose 


0.4 


Ethanol 


25.0 


Glyceryl monooleate 


2.0 


Paraben 


0.2 


Perfume 


0.1 


Isostearic acid 


0.3 


Sodium stearate 


0.3 


Cholesterol 


0.3 


Glyceryl monostearate 


0.1 


Cetanol 


0.1 


Purified water 


balance 



EXAMPLE 31 
Breaking Strength Test 

[0084] Hair samples 1 to 5 were prepared and subjected to a destructive test under the following conditions by the 
use of Shirnadzu Autograph AGS-500B (manufactured by Shimadzu Corp.) to measure a breaking strength. The results 
obtained are shown in Table 1 below. 

Measuring Conditions: 

[0085] 

Hair: A hair having a length of about 15 cm and a diameter of about 0.08 to 0.1 mm, clamped 5.7 cm 

from each end. 
Pulling speed: 5.0 cm/min 
Atmosphere: 25°C, 40% RH 



092O852A2 I 
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Preparation ol Samples 

[0086] Heallhy hnir cut oil trom a 20-year-old female at a beauty parlor, which had not been permed nor bleached, 
was used 

s [0087] The healthy hair (untreated hair, sample 1) weighing 50 g was soaked in 450 ml ot a 2:1 (by volume) mixture 
of chloroform and ethanol and subjected to ultrasonication for 15 minutes to remove lipids. The sample was washed 
with 250 ml ol a 2 1 (by volume) mixture of chloroform and ethanol and then with 1 00 ml of acetone and dried to prepare 
solvent-treated hair as damaged hair (sample 2). 

[0088] The solvent-treated hair weighing 40 g was' soaked in a 5-fold weight of each of the blank treating agent of 
w Comparative Example 1, the racemate-containing treating agent of Comparative Example 2, and the keratin fiber 
strengthening agent of Example 1 and subjected to ultrasonication for 15 minutes, followed by washing with five 1000 
ml portions ol water The treated hair was dried under reduced pressure at 60°C for 2 hours and then under reduced 
pressure for 3 hours to prepare samples 3 to 5, respectively. 



TABLE 1 
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Sample No. 


Condition 


Treatment 


Breaking Strength* (kgf) 


1 


healthy 


none 


0.1514 


2 


damaged 


none 


0.1278 


3 




blank 


0.1682 


4 




racemate 


0.1555 


5 




compound 1 


0.2058 



Note: "Average of 10 measurements (n=10). hereinafter the same. 



[0089] The results in Table 1 are graphically represented in Fig. 1 . As is apparent from the results in Table 1 and Fig. 
1 1 the keratin fiber strengthening agent of the present invention significantly increases the breaking strength of hair as 
compared with the blank treating agent (P<0.01) or racemate-containing treating agent. 

30 

EXAMPLE 32 

[0090] A keratin fiber strengthening agent containing a 1 :1 mixture of compound 1 and compound 2,a 1:1 mixture 
of compound 1 and compound 3, or a 1 :1 mixture of compound 2 and compound 3 in place of compound 1 was tested 
35 in the same manner as in Example 31 . The results obtained were similar to those in Example 31 . 

EXAMPLE 33 

Measurement of Young's Modulus 

40 

[0091] Healthy hair r cut off from a 25-year-old female at a beauty parlor, which had not been permed nor bleached, 
was used. 

[0092] Healthy hair (untreated hair, sample 6) was treated with a chloroform-ethanol mixed solvent in the same 
manner as in Example 31 to prepare sample 7. Samples 8 to 10 were prepared in the same manner as for samples 3 
45 to 5 of Example 31 . The breaking strength of each sample was measured by means of Shimadzu Autograph. A Young's 
modulus was also measured. The results obtained are shown in Table 2 below. 



TABLE 2 
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Sample No. 


Condition 


Treatment 


Young's Modulus* (kgf/mm) 


6 


healthy 


none 


289.395 


7 


damaged 


none 


248.739 


8 




blank 


271.162 


9 


ii 


racemate 


300.163 


10 




compound 1 


338.360 



Note: 'Average of 10 measurements (n=lO). hereinafter the same. 
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[0093] The Young's modulus of samples 6 to 10 are graphically represented in Fig. 2. As shown in Table 2 and Fig. 
2, the keratin fiber strengthening agent of the present invention significantly increases the Young's modulus of hair as 
compared with the blank treating agent (P<0.001) or racemate-containing treating agent. 

EXAMPLE 34 

[0094] A keratin fiber strengthening agent containing a 1 :1 mixture of compound 1 and compound 2, a 1 :1 mixture 
of compound 1 and compound 3, or a 1 :1 mixture of compound 1 and compound 5 in place of compound 1 was tested 
in the same manner as in Example 33. The results obtained were similar to those in Example 33. 

EXAMPLE 35 

Measurement of Toughness 

[0095] The breaking strength and elongation measured on samples 6 to 10 in Example 33 are shown in Table 3 
below. A toughness (a product of breaking strength and elongation) as calculated from these data (n=10) are also 
shown in Table 3. 



TABLE 3 



Sample No. 


Breaking Strength (kgf) 


Elongation (mm) 


Toughness (kgf x mm) 


6 


0.2332 


24.68 


5.7554 


7 


0.2070 


23.66 


4.8976 


8 


0.2553 


25.65 


6.5484 


9 


0.2381 


23.81 


5.6692 


10 


0.2941 


27.08 


7.9642 



[0096] The data of toughness are graphically represented in Fig. 3. The results of Table 3 and Fig. 3 prove that the 
hair treated with the keratin fiber strengthening agent of the present invention gains increased toughness significantly 
over the hair samples treated with the blank (P<0.05) or the racemate-containing treating agent. 

EXAMPLE 36 

Breaking Strength Test on Dog Hair 

[0097] Dog hair samples 11 to 15 were prepared as follows and subjected to a destructive test under the following 
conditions by the use of Shimadzu Autograph AGS-500B (manufactured by Shimadzu Corp.) to measure a breaking 
strength and a Young's modulus. The results obtained are shown in Table 4 below. The breaking strength and Young's 
modulus data obtained are also graphically represented in Figs. 4 and 5, respectively. 

Measuring Conditions: 

[0098] 

Dog Hair: A dog hair having a length of about 10 to 1 5 cm and a diameter of about 0.08 to 0. 1 mm, clamped 

2 cm from each end. 
Pulling speed: 5.0 cm/min 
Atmosphere: 25°C, 40% RH 

Preparation of Samples: 

[0099] Healthy dog hairs collected from around the neck of a 4-year-old male Shetland sheepdog were used. The 
untreated hair as collected (sample 11) weighing 50 g was treated in the same manner as in Example 31 to prepare 
samples 12 to 15. 
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TABLE 4 



Sample No. 


Condition 


Treatment 


Breaking Strength 
(kgf) (n=10) 


Breaking Strength 
per area (kgf/mm 2 ) 


Young's Modulus (kgf/ 
mm 2 ) (n=10) 


11 


healthy 


None 


0.1114 


39.33 


559.224 


12 


damaged 


None 


0.1032 


37.09 


535.528 


13 




Blank 


0.1162 


39.98 


555.086 


14 


n 


Racemate 


0.1165 


41.52 


562.846 


15 




compound 1 


0.1196 


42.55 


605.240 



[01 00] As is apparent from the results in Table 4 and Figs. 4 and 5, the keratin fiber strengthening agent of the present 
invention significantly increases the breaking strength (P<0.05) and the Young's modulus (P<0.005) as compared with 
the blank treating agent or racemate-containing treating agent. 

[0101] It has been thus proved that the keratin fiber strengthening agent containing compound 1 brings about sig- 
nificant improvements on breaking strength and Young's modulus for not only human hair but dog hair. 



EXAMPLE 37 

[0102] A keratin fiber strengthening agent containing compound 5 or a 1:1 mixture of compound 1 and compound 2 
in place of compound 1 was tested in the same manner as in Example 36. The results obtained were similar to those 
in Example 36. 

EXAMPLE 38 



Breaking strength test 

[01 03] Samples (Samples 1 6 to 1 9) were prepared as described below and breaking strength test and measurement 
of elongation were carried out under the below<iescribed measuring conditions by using Shimadzu Autograph 
AGS0599B (manufactured by Simadzu Corp). Based on the results, toughness (breaking strength x elongation) of 
each of Samples 1 6 to 1 9 was calculated. 



(a) Testing method 

[0104] Relative humidity: 40%, temperature: 25°C 

[0105] Hair employed for the test: A hair having a length of about 15 cm and a diameter of about 0.08 to 0.1 mm, 
clamped 5.0 cm from each end. 
[0106] Pulling speed: 5.0 cm/min 

(b) Preparation of Samples (Samples 16 to 19) 



[0107] Healthy hair, cut off from a 18-year-old female at a beauty parlor, which had not been permed nor bleached, 
was used. 

[0108] The healthy hair (untreated hair, Sample 16) weighing 50 g was soaked in 450 ml of a 2:1 mixture of chloroform 
and ethanol and subjected to ultrasonication for 1 5 minutes to remove lipid components. The sample was then washed 
with 250 ml of a 2:1 mixture of chloroform and ethanol and then with 100 ml of acetone, followed by drying under 
reduced pressure, whereby organic-solvent-treated hair (Sample 17) was obtained. 

[0109] The solvent-treated hair (Sample 17) weighing 40 g was soaked in a 5-fold weight of each of the treating 
agents and subjected to ultrasonication for 15 minutes. The hair was then washed five times with 1000 ml of water, 
followed by drying at 60°C for 2 hours under reduced pressure and then drying for 3 hours under reduced pressure, 
whereby each of Samples 18 to 19 were obtained. Described specifically Sample 18 was the hair treated with the 
treating agent (placebo treating agent), which had been prepared in Comparative Example 3, subsequent to the treat- 
ment with a solvent, while Sample 19 was the hair treated with the keratin fiber strengthening agent of the present 
invention (Compound-6-containing treating agent) which had been prepared in Example 21 . 
[01 10] The differences of the samples are summarized as follows. 
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Sample 16: Healthy hair (untreated) 
Sample 17: Hair treated with the solvent 

Sample 1 8: Hair treated with the solvent and then with the placebo treating agent prepared in Comparative Example 
3 

Sample 1 9: Hair treated with the solvent and then with the keratin fiber strengthening agent of the present invention 
(Compound -6 -containing treating agent) prepared in Example 31 

(C) Results 

[0111] The mean value (n=10) of each of the breaking strength (Kgf), elongation (mm) and toughness (Kgf/m) was 
as follows: 





Breaking strength (Kgf) 


Elongation (mm) 


Toughness (Kg/mm) 


Sample 16 


0.246 


27,16 


6.681 


Sample 17 


0.191 


24.97 


4.769 


Sample 18 


0.201 


23.01 


4.625 


Sample 19 


0.266 


26.02 


6.921 



[01 1 2] As is obvious from the results in the above Table or Fig. 6, the keratin fiber strengthening agent of the present 
invention containing Compound 6 (Sample 19) significantly increases the breaking strength of hair (P < 0.05) as com- 
pared with the placebo treating agent (Sample 18). 

[0113] It has been confirmed that the keratin fiber strengthening agent comprising an optically active (2S.3R)- 
2-acylaminoalkane-1 ,3-diol represented by the formula (I), which has the same steric configuration as naturally occur- 
ring ceramide, is effective for markedly increasing the breaking strength of hair when applied to keratin fiber such as 
hair by adhesion, coating or impregnation. It has been ascertained that the keratin fiber strengthening agent according 
to the present invention brings about a marked improvement in breaking strength and Young's modulus of hair as 
compared with a keratin fiber strengthening agent comprising a "racemic ceramide" which is a mixture of stereoisomers 
of the above -de scribed compound. From these results, it is understood that hair care products for restoring the damaged 
hair can be developed by using the keratin fiber strengthening agent of the present invention. It is also been understood 
that the keratin fiber strengthening agent of the present invention has a curative effect in restoring damaged hair. 

Claims 

1 . A keratin fiber strengthening agent comprising 0.001 to 20 % by weight of at least one (2S,3R)-2-acylaminoalkane- 
1,3-diol represented by the following formula (I): 

OH 

r3 .nh 

wherein R 1 represents a straight-chain alkyl group having 9 to 17 carbon atoms and R 2 represents an acyl 
group having 2 to 24 carbon atoms which may contain at least one hydroxyl group or unsaturated bond. 

2. A keratin fiber strengthening agent according to claim 1 , wherein in the formula (I), R 1 represents a straight-chain 
alkyl group having 9 to 17 carbon atoms and R 2 represents a saturated acyl group having 2 to 24 carbon atoms. 

3. A keratin fiber strengthening agent according to claim 1 , wherein in the formula (l) : R 1 represents a C 13 H 2 7, C 15 H 31 
or C 17 H 35 group and R 2 represents an acyl group represented by any one of the following formulas (li) to (VII) : 
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OH 




OH O 

wherein R 3 represents a hydrogen atom or a saturated alkyl group having 1 to 21 carbon atoms. 

A keratin fiber strengthening agent according to claim 3, wherein in the formulas (II) to (VII), R 3 represents 
CnH 23 , C 13 H 27 , C 15 H 31 or C 17 H 35 group. 

A keratin fiber strengthening agent according to claim 1, wherein R 2 represents an acetyl, oleoyl, linoleoyl 
linolenoyl group. 
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A keratin fiber strengthening agent according to any one of claims 1 to 5, which comprises 0.005 to 5% by weight 
of at least one compound represented by the formula (I). 

A keratin fiber strengthening agent according to any one of claim 1 to 6, which further comprises a cosmetically 
acceptable raw material. 

A keratin fiber strengthening agent according to claim 7, wherein the cosmetic raw material comprises at least one 
material selected from the group consisting of oil components, lipids, sterols, lower or polyhydric alcohols and 
surfactants. 

A method for improving the strength of keratin fiber, which comprises applying the keratin fiber strengthening agent 
according to any one of claims 1 to 8 to keratin fiber by adhesion, coating or impregnation. 
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FT* 3 
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OH 



.NH 
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wherein R 1 represents a straight-chain alkyl group having 9 to 17 carbon atoms: and R 2 represents an acyl group 
having 2 to 24 carbon atoms which may contain at least one hydroxy group or unsaturated bond is disclosed. A method 
for improving physical properties, such as breaking strength, of keratin fiber such as hair comprising applying the 
keratin fiber strengthening agent to keratin Tiber by adhesion, coating or impregnation is also disclosed. 
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